Abstract-In this research, a simple model to design and demonstrate the performance of a probe-fed rectangular patch antenna isproposed. The proposed model is divided into two parts which are the theoretical formulations of the patch antenna integrated with the frequency-dependent Smith-chart method and the Cole-Cole representation to demonstrate the performance of the microstrip antenna. The antenna designed in this research will be used for LTE 2300 MHz smart phone and portable computer applications. It is pertinent for applications in the range of 2300-2360 MHz with the resonant frequency at 2.33 GHz. The proposed model can be used to design a single and multilayer microstrip patch antenna and this is valuable contribution on literature of computer-aided microwave circuit designs.
I．INTRODUCTION
Microstrip structure is one of the most popular types of planar transmission lines, primarily because it can easily integrate with other passive and active microwave devices. The relevant design equations in closed-form using semi-empirical strategies specifying the frequency-dependent, effective dielectric permittivity concept and dispersion characteristics of a microstrip structure have been derived in the existing literature as elaborated in [1] [2] . Most computer-aided design (CAD) systems used these algorithms with built-inmicrostrip design capabilities but simple calculation methods for microstrip structure parameters by hand-calculator and/or by personal computer are required for preliminary design and for quick circuit evaluation purposes. It is necessary to consider observe physical considerations of microstrip circuits on a step-by-step basis. So, researcherswant simple methods, which are same time sufficient to explain the physical aspects of microstrip circuits more accurately.
Rectangular patch antennas have attracted tremendous attention from researchers [3] - [12] . However, radome or superstrate rectangular patch antennas are not widely discussed in academic literature [3] - [12] . Superstrate is significant as it is used as prevention from environmental hazard and enhances the antenna's performance [13] . The patch with substrate-superstrate combined geometry function swell under a noisy environment. Superstrate decreases the bandwidth of the antenna therefore it is pertinent for filter design [14] .
The main contribution of this paper is to design a probe-fed rectangular patch antenna for LTE 2300 MHz and propose the model of the microstrip antenna performance based on the Cole-Cole diagram representation [15] . To achieve this goal, an approach that uses the Debye relation [16] is introduced to portray such frequency-dependent characterization of a microstrip structure.
II．LTE IN THE 2300 MHZ BAND
In wireless communication spectrum, the 100MHz portion of available spectrum in the 2300-2400MHz band (the 2300MHz band hereafter) may play a key role in helping to meet the EU's Digital Agenda for Europe and RSPP objectives. This represents the largest near-term opportunity for new LTE spectrum across Europe. 2300 MHz is defubed as a 3GPP euTRAN band in Time Division Duplex or TDD. LTE-TDD is becoming significant and gaining popularity worldwide as it is commonly considered in the evolution path of any wireless cellular TDD technology (TD-SCDMA, UTRA-TDD and WiMAX™). LTE-TDD is an integral part of the 3GPP standards, sharing significant common properties with LTE-FDD and offering comparable performance characteristics with similar high-spectral efficiency.
A total of 43 LTE-TDD-2300MHz compatible devices were commercially available in April 2012. Considerable economies of scale will be reached by the end of 2013 as shown in Table I .
The 2300MHz band is already specified as a 3GPP band for both TD-SCDMA and LTE-TDD since LTE Release 8 as shown in Table II Intra-band Carrier Aggregation (CA) within the 2300MHz was already specified in 3GPP Rel. 10, while inter-band CA involving the 2300 MHz band has not been specified at this time. ITU-R WRC-07 identified the 2300MHz band as suitable for the IMT family of technologies in all three ITU-R regions while, according to footnote 5.384A22, this allocation does not preclude administrations from permitting deployment of other radio-communication services within this band.
The 2300 MHz range has been allocated to fixed, mobile, radiolocation and amateur services (the first two on a primary basis with the second two on a secondary basis). In many cases, depending on national circumstances, these applications may not use the entire band in all locations or at all times.
III．THEORETICAL FORMULATIONS OF THE RECTANGULAR
PATCH ANTENNA To achieve the simple design model as a major objective of this research, we adopt the model proposed in the literature in [15] and apply the frequency-dependent Smith-Chart (FDSC) model from [16] to reduce errors from very high frequencyeffects. The FDSC model will be discussed later in Section IV.
The radome loaded patch can receive the signal even while there is noise. In designing, theradome loaded patch the resonant frequency is a key parameter because it is used to determine the dimensions of the patch. So, the accurate computation of resonant frequency is very important.
The resonant frequency of radome loaded rectangular patch antenna is illustrated in Fig. 1 , iswritten as [17] 
Where, c is the velocity of light in free space, , , , are the optimal dielectric constant, length and width respectively of a rectangular patch antenna with and without radome.
The dielectric constant of the antenna effectiveness is improvedbecause of dielectric loading. To compute , of radome loaded rectangular patch antenna, variety of
The first term ( ) of this equation represents the effective permittivity of the patch without dielectric loading. Due to dielectric loading the effective permittivity is improved and this improvement is counted by introducing an empirical relation ( ). and may be expressed as
The actual length is enhanced due to the fringing field at the end of patch and this is termed as effective length . The effective length of substrate-superstrate combined geometry may be expressed as [18] 2∆ (6) where, ∆ is the extension of length due to fringing field of substrate-superstrate combined geometry. The fringing fields are very much dependent on the relative characteristics of the substrate and radome as indicated in [19] . The width is also enhanced due to fringing fields and expressed as . We have used the expression of that was given by [20] without randome for computing with techniques are available [3] , [4] , [7] - [11] . Among them, conformal mapping techniques [7] 
The V.S.W.R. less than 2.0 bandwidth, efficiency and gain are computed from [46] as . √ (10) where is the radiation loss.
IV．THE FREQUENCY-DEPENDENT SMITH-CHART MODEL (FDSC)
The FDSC model has been proposed in the literature [21] . The concept of microstrip-based Cole-Cole diagram is applied to construct a frequency-dependent (lossy) Smith-chart to analyze microstrip line characteristics [17] , [21] , [22] . Before deriving the frequency-dependent Smith-chart relations, the capacitance parameter in microstrip-line system can be considered. The capacitance per unit length of the classical parallel-plate capacitor can be expressed as [23] (11)
A simple frequency-dependent capacitance of the parallel-plate capacitor can be modeled in terms of any frequency-dependent attributes of . That is, (12) where is a complex permittivity : "
Referring to the equivalent Cole-Cole diagram deduced for a parallel-plate microstrip line in is derived [21] and then we can obtain the frequency-dependent characteristic impedance given by:
where and can be found in [21] . Now, the frequency-dependent (lossy) Smith-chart can be constructed by applying into normalized terminal impedance expression after the procedure is done for the Smith-chart. Therefore, the normalized terminal impedance is (15) where r and x are the normalized resistance and normalized reactance, respectively, and . Corresponding, the voltage reflection coefficient of present Smith chart can be expressed as: (16) Or (17) Now, the desired sets of equations depicting the modified Smith-chart are:
It can be observed that when the lossy characteristics (substrate loss, conductor loss, and frequency-dependent characteristic impedance of the microstrip line) are included in the calculation. As well known in lossy transmission linetheory that, when attenuation as a function of line-length is plotted on the Smith chart, it takes the form of a spiral [21] .
V．THE COLE-COLE REPRESENTATION: THE PERFORMANCE MODEL

A. Theory of Dielectric Behavior
The quantity of dielectric constant and dissipation factor is essential in designing a device especially for microelectronic equipments.
Debye [24] illustrates the relaxation of polarization with a single relaxation time. He showed that non-interacting dipoles are free to rotate in opposition to much resistance in a fluid like medium. The equation for complex permittivity is (20) where = Dielectric constant at low frequency = Dielectric constant at high frequency ω = Angular frequency τ = Relaxation time According to Frohlich, the real and imaginary part of the dielectric constant are given by and "
The maximum value of and " is, and "
where n = Dipole Moment 
On eliminating the parameter ωτ between the two equations and rearranging the two parameters (ε' and ε") we get, "
The above equation is of a circle of radius . Only the semicircle over which ε" is positive has physical significance. Materials with single relaxation time yield a semicircle in ε' and ε" plane.
B. Microstrip-Based Equivalent Relaxation Process: Cole-Cole Representation
The method for analyzing the performance of a microstrip structure using the concept of Cole-Cole diagram is proposed in [15] . This paper is the extended study on the multilayered microstrip antenna.
The concept of dielectric relaxation can be used to characterize the frequency-dependent microstrip structure performance. For this purpose the real part of the Debye relation can be equated to the equivalent frequency-dependent permittivity deduced for a microstrip. That is, (25) From Kirschning and Jansen' frequency-dependent effective permittivity in Eqn. (25) , it can be equated to the real part of in Eqn. (21) as follows. 
Now, an "imaginary part" of the equivalent permittivity of a microstrip system can be obtained by applying Eqns. (27) (28) (29) into the imaginary part of in Eqn. (21) . Hence, the imaginary part of Cole-Cole expression for a microstrip system can be written as (30) Hence, the complex permittivity of microstrip system in compact form can be written as:
In theory, the maximum points of semi-circles in the Cole-Cole patterns correspond to maximum Debye loss in a dielectric material [25] but, in respect to themicrostrip system, these points can be used to depict the maximum reactive (capacitive) energy confined within the microstrip structure. That is pertinent to the maximum value point (A) in Fig. 2(a) . Therefore, it can be considered that the microstrip geometry holds the field within itself, rather than letting it fringe out.
That is, pertinent to these maximum value points (A) in Fig.  2(a) , it can be considered that the microstrip geometry holds the field within itself, rather than letting it fringe out.
VI．THE DESIGN PROCEDURE OF THE PROPOSED MODEL FOR LTE 2300 MHZ
The proposed procedure in this research is shown in Fig. 3 . In the first step, all required characteristics of the antenna need to be identified. We start with the resonant frequency and bandwidth because they are the primary parameters to determine the dimension of the patch. For the second step , we use initial values from the first step to calculate all d to adjust the resonant frequency as close as possible to 2.33 GHz by integrating with FDSC method to reduce errors due to effects of very high frequency in GHz range. The reason that we choose the frequency at 2.33 GHz as the resonant frequency is to operate the proposed antenna in the range of 2.30 -2.36 GHz (60 MHz bandwidth). In the final step, we use the final results to illustrate the performance of the patch antenna. 
VII．SIMULATIONS AND RESULTS
A. Antenna Design Results
Based on the required frequency range of LTE 2300 MHz, 2300 -2360 MHz, as the tentativerefarming spectrum planning in Thailand, we used the resonant frequency at 2.33 GHz and 60 MHz for bandwidth. We found out in the literature [*] that the initial values of the rectangular patch antenna at 2.347 GHz have to start the procedure in Section V with 1.0, 2.33, 1.0, d1=0.0 mm., d3=0.0 mm. However, when we ran through the next step by applying the FDSC method with the initial values, we finally received the required antenna structure as shown in Table III to maintain the required resonant frequency at 2.33 GHz with 60 MHz bandwidth.
C. Performance of the Proposed Antenna
Considering the performance of the proposed antenna in Table III , the simulation results in Fig. 4 indicate that the nonfringing part of the reactive energy in the antenna increases when the ⁄ ratio reduces.
VIII．FUTURE WORK
Indicating in Section VII (B), we observe that the results of the simulation can be used to represent the sensitivity of the variation of ⁄ to the performance and the resonant frequency. Base on this observation, it will lead to the future study on the sensitivity of the microstrip structure by applying Cole-Cole performance model.
IX．CONCLUSION
The proposed model in this research is simple yet practical, and it illustrates the performance of probe-fed rectangular patch antenna for smartphones and portable computer applications. The proposed model can also be used for single layer and multilayer microstrip patch design. Simulation results indicated that the model proposed in this research is compatible with CAD applications. The proposed model is a simple calculation and is valuable contribution as it permits quick and easy design forRF/Microwave engineers. 
